The boreal winter response is dominated by (∼5-10%) increases in the airmass fractions originating over the East Pacific and the Atlantic, while the response in boreal summer mainly reflects (∼5%) increases in air of Asian and North American origin. Our results suggest that future changes in transport from midlatitudes may impact the composition -and, hence, radiative budget -in the Arctic, independent of changes in emissions.
ABSTRACT
Future changes in transport from Northern Hemisphere (NH) midlatitudes into the Arctic are examined using rigorously defined air-mass fractions that partition air in the Arctic according to where it had last contact with the planetary boundary layer (PBL). Boreal winter (DJF) and summer (JJA) air-mass fraction climatologies are calculated for the modeled climate of the Goddard Earth Observing System Chemistry Climate Model (GEOSCCM) forced with end-of-21 st century greenhouse gases and ozone depleting substances. The modeled projections indicate that the fraction of air in the Arctic that last contacted the PBL over NH midlatitudes (or air of "midlatitude origin") will increase by ∼10% in both winter and summer. The projected increases during winter are largest in the upper and middle Arctic troposphere, where they reflect an upward and poleward shift in the transient eddies of the meridional winds, a robust dynamical response among comprehensive climate models.
The boreal winter response is dominated by (∼5-10%) increases in the airmass fractions originating over the East Pacific and the Atlantic, while the response in boreal summer mainly reflects (∼5%) increases in air of Asian and North American origin. Our results suggest that future changes in transport from midlatitudes may impact the composition -and, hence, radiative budget -in the Arctic, independent of changes in emissions. Arctic is key for understanding climate.
61
It is now well-appreciated that nearly all of the pollution in the Arctic originates over ern Hemisphere (NH) midlatitudes (Law and Stohl 2007) . Since the distributions of trace species 63 reflect the full interplay between emissions, chemistry, and transport, Arctic pollution in the fu-64 ture will reflect not only changes in species' emissions and chemistry, but also changes in the 65 large-scale circulation. However, while the climate-change signature on large-scale dynamics has 66 been examined in both models and observations (e.g., shifts in the midlatitude tropospheric jets 67 (e.g., Yin 2005; Miller et al. 2006; Barnes and Polvani 2013) , the expansion and weakening of largest fractions of midlatitude air originate over Asia, consistent with strong convection and mean 92 poleward flow over Siberia.
93
The results in Part I highlight how the large-scale circulation constrains the amplitudes and spa-94 tial distributions of the air-mass fractions in the Arctic. Therefore, it is natural to ask how the 95 transport from midlatitudes into the Arctic will respond to future changes in the midlatitude tro- climate (Simpson et al. 2014) , these transport changes have yet to be assessed.
102
In addition to future changes in the tropospheric midlatitude jet, comprehensive models also in-103 dicate that dry static stability over midlatitudes will increase in response to GHG-induced warm- 
109
Here we assess how the transport from NH midlatitudes into the Arctic will change by the end 
165
While the zonal mean response in GEOSCCM indicates that the mid-latitude winter circulation 166 will undergo a poleward shift with global warming, an examination of the changes in the DJF 300- reveal that there will be ∼5-10% more air of midlatitude PBL origin for both winter and summer
213
as the climate warms ( Figure 3 , middle panels).
214
The magnitude of the changes ∆ f (r|Ω MID ) are comparable to the 10% increases in tropospheric (i.e., ∼1-2% throughout most of the NH, peaking at ∼3% over the polar cap (Appendix Figure 1) ). Arctic by large-scale stationary waves over midlatitudes (see the discussion in Section 5a).
251
Next we examine the summertime response to changes in greenhouse gases, which is character- 
290
The zonal mean response ∆ f DJF (r|Ω MID ) is dominated by positive anomalies of Ω EPAC air.
291
Below 400 mb these changes reflect, more-or-less, a uniform increase in the climatological Ω EPAC 
313
The weak zonal mean anomalies ∆ f JJA (r|Ω ASI ) below 500 mb are straddled above and equator- that GEOSCCM represents with fidelity compared to other comprehensive climate models subject 330 to A1B GHG forcing (i.e., the dynamical changes discussed in Section 2). 
365
Away from the surface, the positive anomalies ∆ f DJF (r|Ω ATL ) over the polar cap are concen-366 trated over Greenland and are consistent with a barotropic anticyclonic anomaly over the eastern
367
Atlantic and western coast of Europe, manifest as positive anomalies in the 300-700 mb column 368 integrated eddy geopotential height that project strongly onto the REF climatology (Figure 6a ).
369
Enhanced longitudinal gradients in Φ * DJF (i.e., stronger geostrophic meridional flow) over the
370
North Atlantic thus ensure that more Ω ATL air is transported poleward and not carried eastward by 371 the mean westerlies. As this height anomaly is intimately tied to the projected poleward shift in the
372
Atlantic winter jet -a robust response among the CMIP5 models -we expect that the anomalies
373
∆ f DJF (r|Ω ATL ) over the Arctic would be reproduced by other climate models. 
403
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